The festival of Diwali and it associated fireworks, which were not so common in the past, are slowly penetrating into rural Brahmaputra Valley. PM 10 monitoring was done during the 2009 Diwali festivities at a rural site in the Brahamputra Valley of Northeast India. Sampling of PM 10 was done on a 12 hourly basis for an extended period of 13 consecutive days. The mean PM 10 concentration during the monitoring campaign was found to be 40.88 ± 19 µg/m 3 and the maximum concentration of PM 10 was recorded on the Pre-Diwali night. Elemental and ionic constituents of PM 10 were analyzed by ICP-OES and Ion Chromatograph (IC), respectively. The ratio of ∑anions to ∑cations was found to be 1.26 for the study period, which is indicative of a cation deficient condition. Pearson's correlation and Principal Component Analysis (PCA) were carried out to trace the impact of Diwali celebrations. In addition, the elemental enrichments due to Diwali fireworks, which we term Diwali Induced Enrichments (DIE) were calculated for the festival day samples. DIE showed marginal enrichment of elements and ions, indicating the beginning of the impact of Diwali in the rural areas of the region.
INTRODUCTION
Fireworks are generally associated with celebrations. Such celebrations range from small local events like birthday parties, wedding ceremonies, and victory in a sports event to huge nationwide celebrations. Diwali is one such festival of India marked with lighting of lamps and celebrations with major fireworks all over the country. The fascinating characteristic of Diwali is that every household participates in bursting firecrackers, leading to emission of huge volume of aerosols into the atmosphere in one single day. With time, Diwali celebrations are growing in magnitude and scale in large cities. This trend could be explained in terms of relative affluence of the urban population in the country. There are reports of pollution reduction after implementation of emission control measures taken prior to big events such as the World Exposition 2010 (Zhang et al., 2013) and the Commonwealth Games 2010 (Kaushar et al., 2013) . Though some success has been achieved in terms of noise reduction on implementation of noise standards for firecrackers, such strict emission control measures are not implemented in terms of Diwali celebrations in India.
Materials used in firecrackers contain chemicals and toxic substances, burning of which release toxic gases and particulate matter of fine size to the atmosphere leading to severe health and environmental hazards (Perrino et al., 2011; Rao et al., 2012) . Literature suggests that there is a strong relationship between air pollutants like SO 2 and NO x and numerous health effects (Curtis et al., 2006) including reproductive and developmental effects such as increased risk of preterm birth (Liu et al., 2003) . Inhalation of smoke from fireworks may lead to acute eosinophilic pneumonia (Hirai et al., 2000) . Heavy metals that are very harmful to human health are emitted in large volumes from fireworks (Yasutake and Hirayama, 1997; Ravindra et al., 2003; Vecchi et al., 2008) . Perchlorates used in fireworks are teratogenic and can affect thyroid functions adversely (Soldin et al., 2001; Saas, 2004; Mantus, 2005; Wilkin et al., 2007) . Visibility reduction is also an obvious effect of fireworks due to dense cloud of smoke, dispersion of which depends on favourable meteorological condition of an area (Drewnick et al., 2006; Vecchi et al., 2008) .
There are reports of short term rise of PM 10 loadings by many fold and elevated levels of harmful gases and elements in the atmosphere during fireworks (Kulshrestha et al., 2004; Drewnick et al., 2006; Barman et al., 2008; Sarkar et al., 2010; Chang et al., 2011) . Increase in carbonaceous materials (Babu and Moorthy, 2001; Wang et al., 2007; Sarkar et al., 2010) , ionic components of particulates during fireworks are also reported (Wang et al., 2007; Chang et al., 2011; Perrino et al., 2011; Chatterjee et al., 2013) . However, organic emission from fireworks is reported to be less when compared with other chemical species (Drewnick et al., 2006; Sarkar et al., 2010; Chang et al., 2011) . Nishanth et al. (2012) reported increase of PM 10 , O 3 , NO 2 , NO along with various hazardous organics in the atmosphere which are released from burning of firecrackers during traditional Vishu festival of Kerala, India. There are also studies on effects of Diwali celebrations on high ground or surface ozone concentration (Attri et al., 2001; Ganguli, 2009) . However, all studies reported so far on Diwali fireworks are from urban centres. Diwali is also celebrated in the rural areas but with minimal fireworks, mostly restricted to lighting of lamps and sharing of traditional cakes and sweets. The effect of Diwali celebrations on rural air quality has not gained much attention despite these areas being receptors of pollutants that are emitted from city centres.
Diwali is, essentially, a festival of the 'mainland India', which has slowly spread over whole of the country in the past few decades. For over a century there have been internal migrations from 'mainland India' to the northeastern states for trade and governance carrying the festival to the region. The dimension of festivities has been growing considerably and penetrating into the local communities.
Till date there has been no study on the effect of Diwali fireworks on air quality of the Brahmaputra Valley of India. Keeping note of this and being inspired by the findings of studies from India and other countries the present study was designed to see the impact of Diwali fireworks on air quality of a rural receptor site of the Brahmaputra Valley.
In this work, PM 10 samples of an extended festive period were chemically characterized for elements and ions. Relationships between various species were built from Pearson's correlations and multivariate analysis -Principal Component Analysis (PCA) to trace the effect of Diwali. The enrichments of elements in PM 10 due to Diwali festivities, which we coined as Diwali Induced Enrichments (DIE), were estimated to understand the extent of the effect.
METHODS

Site and Sample Collection
The study was conducted at Tezpur University campus, a rural receptor site situated in middle Brahmaputra Valley geographically positioned around 26°37′N and 92°50′E. The site is situated at about 15 km on the east from Tezpur city's downtown area. The study area is shown in Fig. 1 . Concentration and variability of aerosols in the atmosphere depend on the source strength and prevailing meteorological condition. So, windrose for the Diwali period was plotted (Fig. 2) . Prevailing wind was found to be from the north with high percentage of calm (90.35%) condition.
PM 10 sampling was carried out using a Respirable Dust Sampler (Envirotech APM 460 BL) at a height of 10 m from the ground. Whatman glass fibre filters (8" × 10" size-GF/A Schleicher & Schuell) were used for collection of PM 10 . Diwali was celebrated on the night of October 17, 2009 and sampling protocol was started from October 11, 2009. Day and night samples (12 hourly) were collected for 13 consecutive days in a time series. A total of 26 samples of PM 10 were collected during the monitoring campaign. For convenience samples are divided into festive days and background days. October 16-18, 2009 were chosen to be festive days and the days prior to the event and after the festive days were taken as background days.
Chemical Analysis
For elements, aliquot of PM 10 sample was digested in 9 mL HNO 3 in a Teflon bomb at an oven temperature of 100°C for 6-hrs. The final volume of the filtered extract was made up to 20 mL and stored in pre-washed polyethylene bottles maintaining a pH of ~2. Elements were analyzed in an ICP-OES (PerkinElmer, OPTIMA-2100 DV).
For water soluble ions, aliquot of sample was soaked in ultra pure water and ultrasonicated for 20 minutes and filtered. The filtrate volume was adjusted to 20 mL in pre washed polyethylene bottles and kept at 4°C until analysis. Ions were analyzed in an Ion Chromatograph (Metrohm 882 Professional IC).
Anions were analysed by an anion column (Metrosep A Supp 5-250/4.0) with suppressor. A solution mixture of 3.2 mM Na 2 CO 3 and 1 mM NaHCO 3 was used as the eluent and the flow rate was kept at 0.7 mL/min. 50 mM H 2 SO 4 was used as the regenerant in anion analysis.
Cations were analyzed by a cation column (Metrosep C 4-150/4.0). The eluent for cation analysis was prepared in ultrapure water with 1.7 mmol/L nitric acid and 0.7 mmol/L dipicolinic acid. The eluent flow rate during cation analysis was kept at 0.9 mL/min.
An inbuilt loop that measures 20 µL of sample for injection was used. Before injecting the samples in to the IC system, samples were filtered through Millipore 0.22 µm PTFE filters.
Quality Control
Whatman glass fibre filters were desiccated for 24 hours prior and after the sampling to avoid traces of moisture and attain right accuracy of measurements. To check the reproducibility, some select samples were analyzed in duplicate and the means showed a standard deviation of ± 2%. The ICP-OES was calibrated using ICP-Multi element standard solution VIII (Merck) and 2% HNO 3 (SolutionOptima Blank-Perkin Elmer Pure Plus) was used as reagent blank. To see the recovery of elements NIST SRM for Urban Particulate Matter (1648a) was used, which showed a recovery rate of 82 to 110% for the analyzed elements. For estimation of anions Multielement Ion Chromatography Anion Standard Solution (Fluka Analytical) was used to calibrate the IC. Cation standards were prepared in the laboratory with high purity reagents. Field blanks were analyzed and incorporated in the measurements. All dilutions were made in ultrapure water. Care was taken to prevent contamination of the samples. At no point sample containers were touched with bare hands to avert contamination.
RESULTS AND DISCUSSION
PM 10
The 12 hourly mean PM 10 was found to be 40.88 ± 19 µg/m 3 during the monitoring period (Table 1(a)). Concentration trends of PM 10 of the study have been illustrated in Fig. 3 (a). Daytime PM 10 was found to be the maximum on Diwali day ( Fig. 3(b) ), which was much on the lower side of other fireworks studies; but was comparable with the study conducted during FIFA world cup victory (Vecchi et al., 2008) . Nighttime PM 10 maximum was observed on Pre-Diwali night ( Fig. 3(b) ), which could be due to thermal inversion at ~200 m above ground ( Fig.  3(c) ). 
Elements and Ions
Fireworks carry specific elemental signatures. Firecrackers contain large amount of nitrates and sulphates of lead, cadmium, potassium, ammonium and magnesium (Rao et al., 2012) . Wang et al. (2007) had used K and Cl as the elements for fireworks indicators. Sarkar et al. (2010) proposed Ba, K and Sr as tracers of Diwali fireworks. Various elements like Na and K as metal oxidizers, Al, Mg, Cu and Sr as color and sparkle emitters are used in firecrackers (Attri et al., 2001) . Ba gives green color, Ca deepens the colors and Fe helps to produce spark in fireworks (Kulshrestha et al., 2004) . Calcium chlorides and sulphates give rise to orange flames (Moreno et al., 2007) . Firecrackers lead to an increased level of these elements and ions in atmospheric particulate during fireworks.
A comparative account of elemental concentrations of PM 10 of the present study along with fireworks studies from India and elsewhere has been put up in Table 1 (a). Elemental concentrations during Diwali day were found to be above mean concentrations of the elements during the monitoring campaign, which are otherwise of much lower concentrations as compared to other reported studies on fireworks. However, Cr concentration of the Diwali day was extraordinarily high as compared to other elements, which was also much on the higher side than studies elsewhere except one reported by Sarkar et al. (2010) and attributed to vehicular and industrial activities. Enhanced vehicular movement on the Diwali day is an added characteristic of the roads on Diwali, which adds up to the normal levels of metals in the PM 10 . Reports on Diwali from Delhi often have higher levels of particulate matter and heavy metals. Rajarathnam et al. (2011) reported PM 10 concentrations of as high as 1200 µg/m 3 in Delhi during Diwali celebrations. When compared to such studies, increased level of elements in the present study from fireworks was found to be marginal. 2-, respectively. However, they had not noticed any increase in the concentrations of NO 3 -and NH 4 + . Again, Chatterjee et al. (2013) conducted an experiment during Diwali in Kolkata and reported many fold increase in metal and ionic concentrations than normal days. They had found 1.6-6 times higher concentration of ionic species on Diwali night with remarkable increase for K + , Ca 2+ , Mg 2+ and SO 4 2-in PM 10 . In the present study, except for K + and NO 3 -, higher concentrations of ionic species were recorded on the Post-Diwali night (Figs. 4(c) and 4(d) ). Nitrate is the main constituent of firecrackers. There are studies (e.g., Drewnick et al., 2006; Chang et al., 2011) where researchers did not notice any remarkable increase in NO 3 -and NH 4 + concentrations during fireworks. Apparently all nitrates in fireworks quantitatively get converted into NO x , concentration of which is often seen to rise during fireworks (Wehner et al., 2000; Ravindra et al., 2003; Mandal et al., 2012 -and Mg 2+ than the levels of the present study. However, Na + concentration of the present study was found to be higher. As such, ionic enhancement of PM 10 due to Diwali in the rural Brahmaputra Valley was found to be marginally above the mean concentration levels during the monitoring campaign, which was also much on the lower side compared to other studies.
Diurnal Variability
Diurnal variation of PM 10 concentrations has been illustrated in Fig. 3(a) . Nighttime PM 10 concentrations were found to be higher than the daytime concentrations during the study period. The probable reason behind this could be the shrinkage of boundary layer towards the evening which is not conducive for particulates dispersion and dilution. During daytime, in the presence of sunlight, pollutants get more space to disperse due to elevation of boundary layer height. Also, fireworks activity is more intense during night.
Diurnal variations of elements and ions are put up in Fig. 4 . All the elements manifest an increase on the Diwali night, which was, again, not seen in the case of Mn (Figs.  4(a) and 4(b) ). The maximum concentration of Cl -and SO 4 2-were recorded on the post-Diwali night (Fig. 4(c) ). As Cl -and SO 4 2-are constituents of firecracker emission, post-event maximum would mean that aged particulates laden with secondary ions were reaching the site. This observation has been further stressed upon in the later section while appreciating enrichments. Rao et al. (2012) ; 24-h average on Diwali day. 3 Perrino et al. (2011) ; 24-h average on Diwali day. 4 Drewnick et al. (2006) ; sampling time covers 23.45 of 31-12-04 until 8.00 0f 01-01-05.
On the other hand maximum concentration of NO 3 -was found on the Pre-Diwali night (Fig. 4(c) ). NO 3 -being secondary product of NO x emission from vehicles, enhanced vehicular traffic during the period could have brought about this change. F -levels in the PM 10 were quite low and consistent yet a marginal rise was observed on the Diwali day. F -is often considered to be a constituent of emission from coal combustion. Brick kilns which are coal fed in nearby localities could be the likely source of F - (Mouli et al., 2006; Salve et al., 2007) .
Among cations, maximum concentrations were recorded on the Post-Diwali night for Na + , NH 4 + , Ca 2+ and Mg
2+
( Fig. 4(d) ). On the Diwali night, K + , an important tracer of firework, was found to be maximum. When concentrations of the ions for the entire monitoring campaign and the concentrations during festive days were compared, it was found that there was only marginal increase of ions. Marginal increase of elemental and ionic concentrations indicated the beginning of the effect of Diwali on PM 10 in the Brahmaputra Valley.
Probable Sources and Effects of Diwali Ionic Ratios
The calculated ratio of ∑anions to ∑cations for the study period was found to be 1.26, which was indicative of a cation deficient condition. This would mean that either all the contributing cations were not estimated in the study or, on the other hand, the atmosphere was cation deficient indicating probability of acid rain in this region. A strong correlation (R 2 = 0.89) between anionic and cationic components of PM 10 was, of course, found (Fig. 5) , but the slope was less than unity indicating for cation deficiency in PM 10 samples.
Sulphur and nitrogen in the atmosphere originate from both stationary like and mobile sources. Arimoto et al. (1996) 2-] mass ratios indicate the predominance of mobile source over stationary source of pollutants. In the present study, this ratio was found to be 0.10 indicating of stationary sources to be dominant for nitrate and sulphate. Diwali and coal fed brick kilns are two main stationary sources what would have impact on the PM 10 properties, like the concentrations of NO 3 -and SO 4 2-during the study period.
Inter Species Correlations
Pearson's correlations were built to find associations between chemical species (Table 2( . These relationships could indicate vegetation/biomass burning and, as such, use of biomass as fuel in the kitchens is a common practice in the rural areas of this region (e.g., Li et al., 2003; Sillapapiromsuk et al., 2013) .
Good correlation between SO 4 2-and NO 3 -(r = 0.65; p < 0.01) was also found, which could indicate their similar chemistry of formation as both of them originate as secondary product in the atmosphere. Na + was well correlated with Mg 2+ and Ca
2+
. Mg 2+ and Ca 2+ are known constituents of mineral dust and, interestingly, SO 4 2-was showing better correlation with Na + (r = 0.72), Mg 2+ (r = 0.65) and Ca 2+ (r = 0.67) at a significant level of p < 0.01 than with NH 4 + (0.41; p < 0.05). This could explain that in neutralization of SO 2 crustal materials played a greater role than NH 4 + . Similarly, NO 3 -was correlated with Mg 2+ (r = 0.43; p < 0.05) indicating neutralization by cations of mineral dust.
A varied relationship was found when Pearson's correlations were calculated for the festive days only viz. Pre-Diwali, Diwali and Post-Diwali days (Table 2(b) ). All the elements were showing good inter element correlations. Similarly, most of the ionic species especially Cl -, SO 4 2-, Na + , K + , Mg 2+ and Ca 2+ well correlated with one another. These chemical species are important constituents of fireworks (Attri et al., 2001; Kulshreshtha et al., 2004; Moreno et al., 2007; Wang et al., 2007; Sarkar et al., 2010) . This could explain that the effect of Diwali could be traced; however, for a very short duration.
Principal Component Analysis (PCA)
PCA was executed on normalized data to find factors that could identify contributing sources of particulates for the entire monitoring campaign and for the festive days separately. By extracting the eigenvalues and eigenvectors PC3 has high loadings of Cr, Ni and Cu, explaining 13.42% of variance, which could be attributed to fuel combustion (Swaine, 2000; Allen et al., 2001) . PC4 was loaded with Cu, NO 3 -and SO 4 2-explaining 11.92% of variance and PC5 with F -, SO 4 2-and Mg 2+ explaining 10.13% of variance. As discussed, NO 3 -and SO 4 2-could be mainly from stationary sources. This indicates brick kilns and soil as the possible sources of these chemical species. F -may be attributed to coal fed brick kilns and Mg from soil (Mouli et al., 2006; Salve et al., 2007) . Some NO 3 -and SO 4 2-could also have come as contributions from soil (Wang et al., 2003; Tare et al., 2006) .
Thus, PCA did not show the influence of Diwali explicitly as did for other sources.
Diwali Induced Enrichment (DIE)
For better understanding of incremental effect of Diwali, Diwali Induced Enrichments (DIEs) were calculated ( Tandon et al. (2008) had also calculated Enrichment Factor (EFi) for different chemical species during Diwali study in Delhi. They had reported 1-58 times enrichment of various elements. In the present context, the enrichments were just marginally greater than 1 indicating that effect of Diwali in the rural areas of Brahmaputra Valley was weak and short-lived.
CONCLUSIONS
The study revealed that the impact of Diwali fireworks on PM 10 characteristics in the rural Brahmaputra Valley could be traced; however, the impact could be noticed for a very short period with very marginal increase of the associated chemical species -elements and ions. The incremental effect of Diwali was also very marginal as compared to the events in the 'mainland India'. The study also revealed that PM 10 in the atmosphere of rural Brahmaputra Valley could 04 1.29 1.90 0.80 1.23 1.28 1.40 0.91 1.48 1.52 be cation deficient which could also mean acidic nature of the particulates. As mentioned by Ocskay et al. (2005) , water soluble fraction of particulate matter determines their bioavailability, their effect on human health, and their role in the radiative forcing it is imminent to have more studies on ionic constituents of aerosol together with precipitation chemistry of the region to have better understanding of these effects.
